A rapid, simple, and sensitive method has been developed for the identification and quantitation of strychnine in human blood. The sample cleanup procedure involved solid-phase extraction with Oasis | HLB cartridges. The extracts were analyzed by gas chromatography-electron impact ionization-mass spectrometry. Limits of detection (LOD) and quantitation (LOQ) were 0.03 and 0.10 pg/mL, respectively, and the method was found to be linear between the LOQ and 2.5 pg/mL, with a correlation coefficient of 0.9994. Intra-and interday precision and accuracy were determined at both low and high concentrations (0.50 and 2.00 pg/mL). The CVs ranged from 5.63 to 8.50% and bias was within _+ 10% of the true value. Mean recovery of strychnine was 90.7%. Because of its simplicity and speed, the described method can be applied in forensic toxicology laboratories to determine this alkaloid in whole blood samples. Also, the fact that only 0.5 mL of blood is required to accomplish the analysis make this procedure useful in situations where several exams are needed and the sample volume is limited.
Introduction
Strychnine is an alkaloid derived from the seeds of Strychnos nux vomica, an Indian tree (1--4) . This plant usually contains from 1.1 to 1.4% of strychnine (4) , which has been used since the 16th century for pest extermination and more recently in clinical medicine as stomachic and tonic. However, it is now thought to be valueless in therapy (1, 3) .
This compound excites all portions of the nervous system because it selectively blocks the postsynaptic activity of glycine, an inhibitory neurotransmitter (5, 6) . Strychnine is rapidly absorbed from the gastrointestinal tract with very little protein binding (7) , and its distribution to tissues is also rapid. The major route for detoxification is hepatic metabolism (8) , and up to 20% of the drug can be excreted unchanged in the urine within 24 h (9). The symptoms occur 10 to 20 min after ingestion (2, 3) , and any sensory stimulus, even small, triggers violent * Author to whom correspondence should be addressed. E-math mjbarroso@iol.pt.
convulsions (10) . Death is commonly due to either asphyxia during convulsive activity (6, 10) or respiratory arrest following medullary exhaustion (2) . According to the literature (11), toxic effects can occur at serum levels of 0.075 to 0.1 pg/mL, and concentrations between 0.2 and 2 pg/mL can be lethal.
The identification and quantitation of strychnine is normally accomplished by liquid-liquid extraction followed by chromatographic analysis, using thin-layer chromatography (12) , high-performance thin-layer chromatography (13), gas chromatography (GC) (6, 10, (14) (15) (16) (17) (18) , or liquid chromatography (4, (19) (20) (21) (22) (23) (24) .
The use of solid-phase extraction for sample preparation when determining strychnine in biological specimens is not common. To the best of our knowledge, this sample preparation technique is only described in two recent papers (9, 25) . These previously published methods require at least I mL of blood to accomplish the analysis.
The present paper describes a new analytical method based on solid-phase extraction and GC-electron impact-mass spectrometry (EI-MS) for the identification and quantitation of strychnine in whole blood. This method utilizes only 0.5 mL of sample. This reduced volume can be useful when several exams are needed and the available sample volume is small. Three cases are reported herein to demonstrate the suitability of the proposed method.
Experimental

Chemicals and reagents
Analytical standards of crystallized strychnine and papaverine hydrochloride were obtained from Merck Co. (Darmstadt, Germany) and Almirall Laboratories (Barcelona, Spain), respectively. Oasis | HLB (1 mL, 30 mg) extraction cartridges were purchased from Waters (Milford, MA).
Methanol and chloroform [high-performance liquid chromatography (HPLC) grade], anhydrous sodium carbonate, and sodium hydrogencarbonate (analytical grade) were supplied by Merck Co.
Methanolic standard stock solutions of strychnine and papaverine (1000 IJg/mL) were prepared and stored at 4~ Subsequently, working solutions at 50 and 5 IJg/mL for strychnine and at 10 ]Jg/mL for papaverine were prepared in methanol, and stored at 4~ until use. A 0.1M carbonate buffer (pH 10.8) solution was prepared by dissolving 1.06 g of anhydrous sodium carbonate into 100 mL of deionized water. A solution of sodium hydrogencarbonate (0.84 g into 100 mL of deionized water) was used to adjust the Na2CO3 solution to pH 10.8.
Deionized water was obtained from a Millipore water purification system.
The biological sample used was fresh human blood [obtained from the Portuguese Institute of Blood (outdated transfusions)] preserved with citrate phosphate dextrose (1:7).
Instrumentation
Chromatographic analysis was performed using a 6890 series GC (Hewlett-Packard, Waldbronn, Germany), equipped with a model 5973 mass selective detector (Hewlett-Packard, Waldbronn, Germany). A capillary column (12 m x 0.25-ram i.d., 0.25-1Jm film thickness) packed with 5% phenylmethylsiloxane (Ultra 2), supplied by J&W Scientific (Fotsom, CA), was used. The carrier gas was helium at a constant flow rate of I mL/min.
The injector port (split ratio 1:10) and detector temperatures were set to 200~ and 280~ respectively. The GC oven temperature program started at 150~ for 1 min, then raised by 35~ to 200~ held for I min, and finally elevated to 270~ at 40~
where it was kept constant for 7 rain. Using this temperature program, a good chromatographic separation of both compounds was achieved.
The mass spectrometer was operated in the EI mode with a filament current of 300 ]JA and electron energy of 70 eV. Quan- titative analysis was performed in the selected ion monitoring (SIM) mode, and the monitored ions were 338, 324, and 308 for papaverine, and 334, 120, and 162 for strychnine (quantitation ions are underlined).
Extraction procedure
To a 0.5-mL whole blood sample was added 25 I~L of a papaverine solution (10 pg/mL), which served as the internal standard (IS). The sample was diluted with 2 mL of deionized water, vortex mixed for 30 s, and centrifuged at 3000 rpm for 5 min. The supernatant was applied to an Oasis | HLB extraction cartridge, which had previously been sequentially conditioned with I mL of methanol, I mL of deionized water, and I mL of 0.1M carbonate buffer (pH 10.8).
After the sample had passed through the extraction cartridge, the interferences were washed with i mL of a 5% methanolic solution in deionized water, and the column was dried under full vacuum for 15 rain. The analytes were eluted with I mL of chloroform, which was then evaporated to dryness at 40~ under a gentle stream of nitrogen. The residue was dissolved in 50 I~L of methanol and transferred to autosampler vials, and a I-lit aliquot was injected into the GC.
Results and Discussion
Selectivity
Method selectivity was checked by analysis of 10 blank samples of different origin and comparison of the obtained chromatograms with those obtained using spiked blood samples (1 1Jg/mL). No interfering peaks were observed at the retention times and selected ions of strychnine and papaverine (Figure 1 ).
I_inearity
In order to determine the linearity of the method, blood samples spiked with strychnine at final concentrations ranging from 0.10 to 2.50 ]Jg/mL (seven calibrators with six replicates) were prepared and analyzed using the described procedure. The calibration curve was obtained by plotting the peak-area ratio between strychnine and the IS against the strychnine concentration. Calibrators' accuracy [mean relative error (bias) between measured and spiked concentrations] was within _+ 10% of the true value for all concentration levels (Table I) .
Precision and accuracy
Precision was evaluated at both low and high concentrations (0.50 and 2.00 IJg/mL) analyzing six replicates for each concentration in the same day (intraday precision), and in four different days (interday precision). In terms of coefficient of variation (CV), intra-and interday precision was less than 10% for both concentration levels (Table II) . These values for precision fell well within the criteria normally accepted in bioanalyrical method validation (26) (27) (28) .
Mean relative error of the precision assays (accuracy) was within + 10% of the true value for both concentrations ( Table  II) .
Limits of detection (LOD) and quantitation (LOQ)
The LOQ of the method [defined as the lowest concentration of strychnine that could be measured reproducibly and accurately (CV __ 20% and bias _+ 20%)] was 0.10 IJg/mL.
LOD of the method (defined as the minimum amount of strychnine that could be detected but not necessarily quantitated) was determined analyzing blood samples spiked with decreasing amounts of strychnine until a signal-to-noise ratio of 3 was obtained and was determined to be 0.03 IJg/mL.
Recovery
Absolute recovery of the method was calculated by analysis of six spiked samples at 0.50 and 2.00 lJg/mL, in which the internal standard was only added after the cleanup procedure, and prior to chromatographic analysis. These samples were quantitated, and the obtained value was compared with the theoretical concentrations. The calculated values were 93.6% and 87.7% at 0.50 and 2.00 IJg/mL, respectively. These absolute recovery values are similar to those described elsewhere for the determination of strychnine in blood using either liquid-liquid extraction (13, 14) or solid-phase extraction (25) .
Application to authentic samples
The described method was applied to three blood samples which were obtained from the Laboratories of Forensic Toxicology from the Delegations of Coimbra and Lisbon of the National Institute of Legal Medicine in Portugal. A brief de- scription of each case is given below, and strychnine concentrations in blood were calculated by applying the proposed technique.
Case Histories
Case #1
A 41-year-old male former pharmacy employee was found dead in bed. Several medicine packages (some of which were empty) and a white powder (inside of an empty package of diazepam) were found on a small desk in the room. The patient had a history of alcoholism and had been undergoing antiepileptic treatment. He had attempted suicide 15 years earlier.
Autopsy findings included jaundice, bloodlike fluid in the mouth and nose, pulmonary edema, and hemorrhages. Histological analysis revealed chronic pancreatitis and pyelonephritis, steatosis of the liver and lung, and submucosal gastric vascular ectasia.
Toxicological analyses included the identification of the white powder, determination of ethanol in femoral blood, and general unknown screening in cardiac blood and tissues.
Femoral blood was analyzed by GC-fiame ionization detection (FID) with a headspace autosampler (HS), and ethanol was not detected. The white powder was dissolved in methanol and analyzed by GC-EI-MS revealing the presence of strychnine. This alkaloid was also detected in blood, kidney, and stomach contents by GC-EI-MS. Very small amounts of diazepam and its metabolites were detected in blood by HPLC-photodiode-array detection (PDAD). The concentration of strychnine in cardiac blood was 2.31 lJg/mL. *n=6. t CV, coefficient of variation.
Case #2
A 42-year-old male with no significant past medical history died suddenly after strong pain in the chest and extension to the superior limbs and chin. The suspected cause of death was myocardial infarction. Postmortem cardiac blood and tissues (heart and liver) were collected for toxicological and histological analyses, respectively. Toxicological analyses included determination of ethanol, opiates, and benzodiazepines.
Histological results were inconclusive. Ethanol and other volatile substances were tested for by HS-GC-FID, but none was detected. The qualitative and quantitative analyses of benzodiazepines, drugs of abuse, and other substances were carried out using specific methods with HPLC-PDAD and GC-EI-MS. Benzodiazepines and opiates were not detected, and the general unknown screening by GC-EI-MS revealed the presence of strychnine in cardiac blood at a concentration of 1.38 Bias (%) I~g/mL.
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Case #3
A cadaver was found with a syringe stuck in the arm, fixed with tape. The product inside the syringe was suspected to be an organophos-phorus compound. Toxicological analyses included the identification of the compound inside the syringe and general unknown screening in blood and tissues.
The unknown compound in the syringe was directly analyzed by GC-EI-MS after dilution and was found to be ethylparathion; however, this compound was not detected in the biological samples. If the toxicological analysis of blood and tissues had been directed exclusively to the determination of this compound, it would have failed to detect strychnine in blood at a concentration of 0.95 pg/mL.
Conclusions
Solid-phase extraction coupled with GC-EI-MS has demonstrated to be analytically suitable for the determination of strychnine in whole blood samples because it is linear within the studied range and presents adequate precision and accuracy. Also, the presented method is simple, rapid, and requires only 0.5 mL of sample to accomplish the analysis, making it useful in forensic toxicology laboratories.
